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例如，Ni-Ta 系金属间化合物拥有较好的高温力学性能，特别是 Ni3Ta 具备形状

















构体的力学性能和结构性能参数进行了计算，结果如下：α-Nb5Si3 和 β-Nb5Si3 的
线膨胀系数及体膨胀系数随温度升高出现先快后慢的增长趋势。两者的晶轴长度
以及单胞体积随着温度的升高呈线性增长。α-Nb5Si3 和 β-Nb5Si3 的独立弹性系数
和模量随温度的升高而线性下降。α-Nb5Si3 的模量值大于 β-Nb5Si3，说明 α-Nb5Si3
















(3) 采用晶体空间群论结合第一性原理算法对 Al, Cr, Ti, Hf 四种元素替代掺
杂 α-Nb5Si3金属间化合物进行了计算，掺杂形成能表明 Ti-NbⅠ-Si，Ti-NbⅡ-Si，
Hf-Nb-Si 均为稳定结构。Ti 的置换使晶胞体积增大，而 Hf 的置换使晶胞体积减
小。Ti 替代 Nb 后剪切模量 G 和杨氏模量 E 呈现上升趋势，Hf 置换后结果刚好
相反。Ti 的加入使 α-Nb5Si3 变脆，而 Hf 能韧化 α-Nb5Si3。能带结构和电子态密
度分析表明上述三种置换掺杂体系都是导体，Hf 的加入能改善体系的导电性能。




持了很好的结构稳定性。根据G/B和泊松比 (υ) 可判断Ni8Ta, I4/mmm-Ni3Ta, 



































        Due to their outstanding physical characteristics, such as withstanding high 
temperature, high strength and modulus, excellent thermal fatigue resistance and 
superconductivity, the Nb-base intermetallics have become the research focus in the 
field of superalloys, kentanium and superconductors. For example, Nb5Si3 has being 
extensively concerned by the aerospace researchers for its indispensible role in the 
Nb-Si based high temperature composites. Ni-Ta intermetallics possess superb 
high-temperature mechanical properties, and Ni3Ta is worth investigating for 
discovering the mechanism of shape memory effects. However, the Nb-base and 
Ni-Ta intermetallics were just developed recently, the theoretical research work on 
mechanical properties and the structural stability has rarely been published. 
Furthermore, the work on analysing the macroscopic properties which are based on 
the electronic structures is extremely required. Therefore, it is significant to adopt the 
First-principles method which is based on the Density Function Theory to study the 
structural properties, heats of formation, elastic properties, and electronic structures of 
these intermetallics. Major research contents are listed as follows: 
(1) The groundstate properties of Nb-X (X: C, Si, Ge, Sn, Al) intermetallics 
have been discussed by utilizing the first principles calculations. The calculated 
lattice parameters correspond very well with the available experimental values. 
According to the elastic constants, all the Nb-X intermetallic compounds considered 
here are mechanically stable, except for Pm-3n-Nb3Si, Pm-3n-Nb3Sn, 
P42/mmc-Nb3Sn, P63/mcm-Nb5Ge3. In addition, the calculated modulus are almost 
identical with the experimental ones. The G/K values and possion’s ratios indicated 
that NbC, α-Nb5Si3, β-Nb5Si3, NbSi2 are brittleness materials, while the rest 
intermetallics are ductile materials. Making a comprehensive analysis on the 
formation heats and electronic structures of five intermetallics (Nb2C, Nb5Si3, Nb3Sn, 
















Pna21-Nb2C, P1m1-Nb2C, Pm-3n-Nb3Sn, P42/mmc-Nb3Sn, I4/mcm-Nb5Ge3, 
α-Nb5Si3, P42/n-Nb3Si are ground stable phase. The electronic structures indicated 
all these intermetallics are conductors. 
(2) The mechanical and structural properties of two Nb5Si3 polymorphs have 
been calculated by combining continuum elasticity theory with first principles. The 
expansion coefficients of α-Nb5Si3 and β-Nb5Si3 displayed a trend to increase sharply 
then gently with the increasing of temperature. The elastic constants and modulus of 
Nb5Si3 decreased lineally with the rising of temperature. The modulus of α-Nb5Si3 is 
larger than β-Nb5Si3 due to the discrepancy of internal binding. In addition, the 
calculated results correspond well with experimental ones. 
(3) The properties of α-Nb5Si3 doped by Al, Cr, Hf, Ti elements are investigated 
by combining the theory of crystallography with first principles. The calculated 
impurity formation energy demonstrated that Ti-NbⅠ-Si, Ti-NbⅡ-Si, Hf-Nb-Si are 
stable structures. The substitution of Ti for Nb can increase the crystal cell volumes, 
what’s more, it ameliorate the shear modulus and Young’s modulus of α-Nb5Si3, while 
decrease its ductile. Nevertheless, the substitutions of Hf for Nb have the opposite 
effects. 
(4) We have investigated the structural properties, elastic properties, heats of 
formation and electronic structures for five Ni-Ta binary intermetallic compounds by 
utilizing DFT calculations. Our optimized lattice parameters agree well with available 
experimental value. All the Ni-Ta intermetallic compounds considered here are 
mechanically stable, except for P21/m-Ni3Ta and hc-NiTa2. The calculated G/K 
values and possion’s ratios indicated that Ni8Ta, I4/mmm-Ni3Ta, Pmmn-Ni3Ta, Ni2Ta, 
NiTa, ha-NiTa2 are ductile materials. The calculated heats of formation demonstrate 
that Ni2Ta is a thermodynamic unstable phase. Our results have also indicated that 
Pmmn-Ni3Ta is the ground stable phase of Ni3Ta polymorphs. The structure stability 
increases with increasing the Ta concentration. The energy bandstructures calculated 
in this work demonstrate that all eight Ni-Ta intermetallics are conductors.  
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